If the dark matter in our galactic halo consists of weakly interacting massive particles (WIMP's) heavier than the 8' -boson which have a significant annihilation branch into 8 -and Z pairs, e.g. , a Higgsino-like neutralino, a very distinctive feature in the cosmic-ray positron spectrum arises from 8'+ and Z decays. Because of inherent astrophysical uncertainties such a signal is by no means guaranteed even if heavy WIMP s do comprise the galactic halo. However, the positron signature is virtually a smoking gun" for particle dark matter in the halo and thus worthy of note.
I. INTRODUCTION The nature of the ubiquitous dark matter known to exist throughout the Universe is a most urgent issue in both cosmology and particle physics. ' The stringent nucleosynthesis constraint to the mass density contributed by baryons, Az «0. 12, and the compelling arguments for the Aat Einstein -de Sitter cosmology (0= 1) based upon structure formation and inAation, provide ample motivation for the hypothesis that the dark matter is composed of relic elementary particles. (Here 0 is the ratio of the total mass density to the critical mass density, and Az is the fraction of critical mass density contributed by baryons. ) The neutralino, a linear combination of the supersymmetric partners of the photon, Z boson, and neutral Higgs bosons, is a very promising particle dark-rnatter candidate: ' In large regions of the parameter space for the minimal supersymmetric extension of the standard model, the relic abundance of neutralinos provides closure density. The case for neutralino dark matter is so compelling that major experimental efforts are underway to design and build ultra-low-background detectors that are sensitive to the small energy that is deposited when a neutralino elastically scatters with ordinary matter. However, the operation of such detectors is still a long way oA.
Others have suggested that neutralino dark matter in the halo could be detected by its annihilation products, including antiprotons, y rays, and positrons. A continuum spectrum of such particles is produced by the annihilations of neutralinos and hadronization of the annihilation products, and the cosmic-ray Aux of such particles has been used to constrain the neutralino parameter space. However, it seems unlikely to us that a case for the existence of neutralino dark matter in the halo could ever be made on the basis of continuum annihilation products: The astrophysical uncertainties involving the origin and propagation of the conventional sources of such cosmic rays are too great.
Along similar lines, some have suggested using large underground detectors, such as Kamiokande II, IrvineMichigan-Brookhaven (IMB), MACRO, and Frejus, ' to search for high-energy neutrinos produced by the annihilation of neutralinos that have accumulated in the Sun or Earth. The prospects for indirect detection of neutralinos by this means are more promising since a competing background is not a problem. However, the problem here is rate: The predicted cruxes are generally very small.
Several authors have suggested that particle dark matter in the halo might be detected through a narrow y-ray" or positron' line. While such a feature is virtually a "smoking gun" for particle dark matter in the halo, the annihilation rates for both these lines are discouragingly small -at least for a conventional neutralino. The direct annihilation of neutralinos into e -pairs is strongly suppressed -by a factor of I,/I -for reasons having to do with chirality, ' Fig. 1 ) and that the squark mass may very well be large enough so that annihilation to fermions is negligible for Higgsinos; thus the models we are considering may be quite general.
In the case that the neutralino is a pure Higgsino state, the cross section times relative velocity for neutralinoneutralino annihilation into a W -pair (as the relative velocity approaches zero) is At energies greater than a few GeV, the positron flux is roughly 3% -S%%uo that of the electron flux, which is consistent with estimates from "conventional sources. "'
The dominant conventional source is believed to be the interaction of primary cosmic-ray protons and helium nuclei with nuclei in the interstellar medium, which produces~-mesons whose decays ultimately produce posiHere Gz is the Fermi coupling constant which, for heavy neutralino annihilations, should be taken to be about 1.07 times its value as measured in low-energy experiments, because of the running of the weak-coupling constant.
Above threshold, the cross section increases rapidly and reaches a maximum of 2. 5 X 10
GeV
( 1.6 X 10
GeV ) at about 110 GeV (120 GeV) for W -(Z Z ), re- WIMP 's or if the halo core radius is small), then there can be a large enhancement in the value of (po 4). ' In particular, suppose the halo density is of the form ph, I, (r) = pI""I(R +r "", ) /(r + r,""),
where p&",~--0.4 GeV cm is the local halo density, R =8-10 kpc is the distance from the solar system to the galactic center, and r "" is the core radius. If R /r""&&1, then (Ioo 4) =nR /12r""))1, which represents a significant enhancement. ' Finally, as discussed in more detail in Ref. for cosmic-ray propagation models where the positron confinement time is assumed to be energy independent (solid curves and~7=1) and where the positron confinement time is assumed to be energy dependent [broken curves and r(Eo=20 GeV) =10 yr]. In (a} the neutralino masses are m-= 81, 90, and 100 GeV, and in {b) m-=120, 300, and 500 GeV. In both we have included a "positron" background from conventional sources given by Eq. (7) and boosted the source amplitude over the canonical value by a factor 10.
trons produced by halo-WIMP annihilations that find their way into the cosmic-ray positron confinement volume, that could increase (or decrease) our estimate of the positron flux associated with halo-WIMP annihilations. It is probably fair to say that because of the various irreducible uncertainties our estimates have a factor of 100 -perhaps even a factor of 1000 -uncertainty.
In computing the positron flux from neutralino annihilations, we have computed (oP)s from Eqs. (8) and (9) and included positrons from both W+ and Z decays.
To make things interesting we have increased the source amplitude a by a factor of 10 over the canonical value in Eqs. (2) and (4) (which is equivalent to setting (po 4) =10). In Fig. 2 we show the cosmic-ray positron fraction for neutralino masses m =81, 90, 100, 120, 300, x and 500 GeV, including a "background" from conventional sources; cf. Eq. (7). We show our results for cosmic-ray propagation models with an energyindependent confinement time (solid curves; F7=1) and with an energy-dependent confinement time [broken curves; r(En=20 GeV)=10 yr].
As seen in Fig. 2 In addition to the positrons produced by the direct decays of the gauge bosons, we have included the "continuum positron radiation" resulting from the other decay modes of the gauge bosons.
provide a signature for heavy dark rnatter in the halo that annihilates primarily into gauge bosons. We caution the reader that hadronization and decay of quarks is quite complicated, and it could well be that low-energy peak is much less pronounced than our calculations suggest.
IV. CC)NCLUDING REMARKS
Since the composition of the ubiquitous dark matter in the Universe is of such great importance to both particle physics and cosmology, any and all avenues that can lead to the discovery of its constituents must be pursued. Here we have emphasized the distinctive feature in the cosmic-ray positron spectrum that arises from halo WIMP annihilations into 8 -and Z pairs followed by or Z decay into an energetic positron of energy around half the WIMP mass.
We have shown that with somewhat optimistic assumptions regarding the inherent astrophysical and particle-physics uncertainties a very distinctive feature arises in the positron spectrum. We reiterate that even if WIMP's 
